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http://dxBackground: To determine the current role of surgery and the risks and operative outcomes in patients with
massive hemoptysis caused by pulmonary tuberculosis.
Methods: A retrospective review of patients treated in the Department of Thoracic Surgery, Shanghai Pulmo-
nary Disease Hospital between January 2001 and December 2010 was undertaken. The inclusion criteria were
massive hemoptysis defined as expectoration of at least 200 mL of blood on each occasion or more than 600 mL
in 24 hours; anatomic major pulmonary resection including lobectomy, bilobectomy, and pneumonectomy; his-
tologic or bacteriologic pulmonary tuberculosis.
Results: Sixty-eight men (76.4%) and 21 women (23.6%) aged 41.3  11.7 years met the criteria. The cumu-
lative amount of bleeding on admission was 558  272 mL. A total of 36 patients (40.4%) underwent an emer-
gency operation and 53 (59.6%) had a delayed operation. The operativemorbidity ratewas 31.5% (28 of 89) and
mortality was 2.2% (2 of 89). Only 2 (2.2%) of the 89 patients had a recurrent episode of hemoptysis. Multi-
variate analysis showed that patients who received antituberculous therapy before surgery (odds ratio [OR],
0.12; 95% confidence interval [CI], 0.04-0.38; P ¼ .0003) had a decreased risk of developing postoperative
complications and that patients who underwent an emergency operation (OR, 3.9; 95% CI, 1.29-11.5;
P ¼ .0154) had an increased risk.
Conclusions: In the present study, the immediate and long-term outcomes after surgery for patients with
massive hemoptysis caused by pulmonary tuberculosis were fairly satisfactory. The morbidity and mortality
were also acceptable. However, delayed elective surgery is preferred and emergency surgery should be reserved
for patients with persistent life-threatening hemoptysis despite a multidisciplinary intervention. (J Thorac
Cardiovasc Surg 2014;148:651-6)G
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SHemoptysis is a common and alarming symptom. Massive
hemoptysis is life threatening because it can cause sudden
airway or hemodynamic complications and the mortality
and morbidity rates are high,1-3 There are several diagnostic
possibilities for hemoptysis. Worldwide, pulmonary
tuberculosis (PTB) is the most common cause of
hemoptysis; bronchiectasis, bronchitis, and bronchogenic
carcinoma account for most cases in western countries,
with a relative increase in bronchogenic carcinoma in
recent years.4 In the case of a localized PTB lesion, pulmo-
nary resection is still the optimal treatment for massive he-
moptysis because of its lower recurrence rate compared
with other therapeutic interventions, including medical treat-
ment and bronchial artery embolization. Unfortunately, pre-
vious reports have shown that patients are at high risk fore Department of Thoracic Surgery, Shanghai Pulmonary Disease Hospital,
ji University, Shanghai, PR China.
ures: Authors have nothing to disclose with regard to commercial support.
d for publication June 24, 2013; revisions received Dec 12, 2013; accepted for
cation Jan 8, 2014; available ahead of print Feb 14, 2014.
for reprints: Ge-ning Jiang, MD, Department of Thoracic Surgery, Shanghai
onary Disease Hospital, Tongji University, 507 Zheng Min Rd, Shanghai
33, PR China (E-mail: jgnshcn@yahoo.com).
23/$36.00
ht  2014 by The American Association for Thoracic Surgery
.doi.org/10.1016/j.jtcvs.2014.01.008
The Journal of Thoracic and Cacomplications after surgery for massive hemoptysis,1,2,5-8
and there are still no agreed guidelines for perioperative
management.
Our hospital is a center for respiratory diseases and ser-
vices the PTB Control Unit for the entire city, which has
a population of approximately 20 million people. Our hos-
pital treats most cases of hemoptysis caused by PTB in
Shanghai. To determine the current role of surgery, as
well as the risks and outcomes after surgical intervention,
we retrospectively analyzed our surgical results for massive
hemoptysis in patients with PTB.PATIENTS AND METHODS
Study Population
A retrospective review of patients treated in the Department of
Thoracic Surgery, Shanghai Pulmonary Disease Hospital between
January 2001 and December 2010 was undertaken. The inclusion
criteria were massive hemoptysis, defined as expectoration of at least
200 mL of blood on each occasion or more than 600 mL in 24 hours;
anatomic major pulmonary resection including lobectomy, bilobectomy,
and pneumonectomy; histologic PTB defined as the presence of acid-
fast bacilli and necrotizing granulomatous inflammation on postopera-
tive pathologic examination, or bacteriologic PTB defined as a positive
acid-fast bacilli smear or a culture taken from sputum, airway secretion,
or pulmonary tissue. The research proposal and protocols were reviewed
and approved by the Institutional Review Board of Shanghai Pulmonary
Disease Hospital.rdiovascular Surgery c Volume 148, Number 2 651
Abbreviations and Acronyms
BAE ¼ bronchial artery embolization
CI ¼ confidence interval
CR ¼ chest radiography
CT ¼ computed tomography
OR ¼ odds ratio
PTB ¼ pulmonary tuberculosis
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SPreoperative Treatment
Resuscitative measures and conservative treatment to control hemopty-
sis were performed immediately after admission to our hospital. All pa-
tients were subjected to absolute bed rest and were placed in the lateral
decubitus position toward the bleeding site if known. Oxygen therapy
was administered by facemask for correction of hypoxemia. Central venous
catheterization was performed routinely and blood transfusion was per-
formed when indicated. Pharmacotherapy included primarily a mild seda-
tive, cough suppressant medication, vasopressin (20 units over 15 minutes
continued at a rate of 0.2 units/min for 36 hours) for hemostasis in the
absence of any contraindication, antibiotics in patients with documented
or suspected bacterial infection, and antituberculous drugs in patients
with diagnosed PTB. Moreover, some patients underwent flexible bron-
choscopy not only to localize the bleeding but also to carry out endobron-
chial control measures, when feasible. These measures consisted of iced
saline lavage, adrenaline saline flush, and balloon tamponade. Rigid bron-
choscope treatment was indicated for airway obstruction by blood clots to
attempt to achieve hemostasis and evacuate any blood clots blocking the
major airway. Isolation of the bleeding lung with a double-lumen endotra-
cheal tube was then used as a last resort in refractory cases. Based on recent
therapeutic strategies since 2005, bronchial arteriography and bronchial ar-
tery embolization (BAE) were attempted in nearly all patients with hemo-
dynamic stabilization.
Preoperative Evaluation
Baseline hematology, biochemistry, and clotting tests were obtained.
Sputum samples were stained for bacteria, acid-fast bacilli, and fungi.
Operability was evaluated based on clinical grounds and pulmonary func-
tion. Pulmonary function could not be tested in unstable patients presenting
with massive hemoptysis. In this instance, room air arterial blood gases
were measured. Resectability was assessed by means of radiographic ex-
amination and flexible or rigid bronchoscopy. Radiographic examination
entailed chest radiography (CR) and computed tomography (CT). Early
CR and flexible bronchoscopy were performed at the bedside to lateralize
the bleeding side, localize the specific site, and identify the cause of he-
moptysis. Because suctioning and visualization are poor with flexible bron-
choscopy, rigid bronchoscopy was preferred in patients with massive
hemoptysis in an airway full of blood. Chest CT was performed only for
patients who were hemodynamically stable.
Operations
Surgical treatment was only considered if the patient had sufficient pul-
monary reserve and resectable disease on radiographic grounds, in addition
to clear identification of the bleeding source. An emergency operation was
undertaken in unstable patients with active or recurrent hemoptysis that
could not be controlled by nonoperative treatment. Otherwise, patients
were prepared for delayed elective surgery after cessation of bleeding using
the other means of treatment.
Under general anesthesia and bronchial isolation, which was achieved
using double-lumen endotracheal tubes, flexible bronchoscopy was per-
formed to facilitate airway toilet and reconfirm the bleeding site before sur-
gery. There was no role for a video-assisted thoracoscopic or limited652 The Journal of Thoracic and Cardiovascular Surgthoracotomy approach, especially in the emergency setting. Instead, a
full posterolateral thoracotomy was performed. The initial priorities were
to clamp the bronchus on the bleeding side or manage the diagnosed or sus-
pected ruptured bronchial arteries or other blood vessels if possible. Then,
the pulmonary lobe containing the bleeding site was promptly dissected
and resected. Pneumonectomy was performed if the lung was destroyed
lung and a lobectomy or bilobectomy when a lesion occupied 1 or 2 lobes.
The bronchial stump was sutured with interrupted absorbable Vicryl suture
(Ethicon, Inc, Somerville, NJ) or nonabsorbable Ethibond suture (Ethicon,
Inc) or stapler (Johnson & Johnson, New Brunswick, NJ), depending on
surgeon preference and the patient’s economic background (most patients
were responsible for the cost of the stapler because it is not covered by basic
medical insurance in China). Muscle flap reinforcement of the bronchial
stump was not done routinely. The pleural space was drained with 1 or 2
chest tubes after lobectomy. Chest tubes were usually removed 2 to 3
days postoperatively. At that time, the lungs were fully expanded, no air
leakage was present, and pleural drainage was less than 200 mL/d. The
pneumonectomy space was drained with a single drain for no more than
2 days.
Postoperative Management and Follow-up
Each patient received preoperative epidural pain management and early
ambulation was encouraged. Postoperatively, the patients were scheduled
to have an intensive antituberculous chemotherapy regimen for at least 6
months if active PTB was determined by pathologic or bacterial examina-
tion. In particular, patients with multidrug-resistant tuberculosis were
scheduled to be treated for 18 to 24 months using second-line
chemotherapy.
All patients were followed up at the surgery clinic in the outpatient
department 1 month after the operation, then transferred to the PTB clinic
and followed up at intervals of 2 to 3 months. The follow-up included clin-
ical history, physical examination, and chest radiograph. Inquiries and
further examinations were made regarding recurrence of hemoptysis and
new pulmonary symptoms.
Statistics
The data obtained includedmedical history, hospital outcome, and prog-
nosis. Statistical analyses were performed using SPSS software (SPSS, Inc,
Chicago, Ill). Univariate associations with postoperative complications
were analyzed using the T test or Mann-Whitney U test for continuous vari-
ables and the c2 test for categorical variables. Based on the significance of
the univariate results, the pool of candidate covariates for multivariate anal-
ysis was carefully selected. For the multivariate analysis, stratified logistic
regression analyses were used to explore the risk factors for development of
postoperative complications. Ninety-five percent confidence intervals were
used for the odds ratios.RESULTS
Eighty-nine patients with PTB underwent surgical treat-
ments for massive hemoptysis in our hospital during the 10-
year study period. There were 68 men (76.4%) and 21
women (23.6%). The mean age was 41.3  11.7 years
(range, 19-66 years).Preoperative Management
Arterial blood gas tests showed that the PaO2 was 80 12
mmHg (range, 52-102mmHg) andPaCO2was 38 5mmHg
(range, 27-49 mm Hg). The cumulative amount of bleeding
on admission was 558  272 mL (range, 200-1300 mL).
Thirty-five patients has a blood transfusion, 2.6  1.5 unitsery c August 2014
Zhang et al General Thoracic Surgery(range, 1-6 units) of red blood cells, before surgery. Seventy-
five patients (84.3%) were known to have PTB at the time of
surgery and 14 (15.7%) were only diagnosed with PTB after
the fact. Sixty-seven patients (75.3%) were operated on after
receiving a standard 1-month course of antituberculous ther-
apy. Unfortunately, preoperative antituberculous therapy was
impossible in 22 patients (24.7%); emergency operations
were performed on 8 patients or PTBwas discovered on post-
operative assessment in 14 patients.
All 89 patients underwent CR and 55 underwent chest
CT. Because of a critical situation, 2 patients (2.2%) were
transported to the operating room immediately and pulmo-
nary isolation was achieved by insertion of a double-lumen
endotracheal tube. The other 87 patients underwent bron-
choscopy. Flexible bronchoscopy was performed in 70 pa-
tients (78.7%), rigid bronchoscopy in 12 patients
(13.5%), and both in 5 patients (5.6%). BAEwas attempted
in 39 patients (43.8%) and successfully achieved in 26 pa-
tients, leading to cessation of bleeding. Thus, the rate of im-
mediate control rate using BAE in the present study was
66.7% (26 of 39).G
T
SOperation
Emergency operations were performed on 13 patients
(14.6%) undergoing BAE because of persistent bleeding.
In addition, immediate surgery was carried out without
considering BAE in 23 patients (25.8%) who presented as
emergencies. A total of 36 patients (40.4%) underwent
emergency operations. Lobectomy was performed in 53 pa-
tients (59.6%), bilobectomy in 14 patients (17.7%), and
pneumonectomy in 22 patients (24.7%) (Table 1). The
bronchial stump was reinforced with an intercostal muscle
flap in 52 patients (58.4%). Operation time was 254  58
minutes (range, 150-390 minutes) and blood loss during
surgery was 877  510 mL (range, 100-3000 mL). Sixty-
five patients underwent blood transfusion during surgery;
3.9  2.7 units (range, 1-13 units) of red blood cells were
transfused.Operative Outcomes
The operative morbidity rate was 31.5% (28 of 89) and
mortality, defined as either death within 30 days or in-
hospital death, was 2.2% (2 of 89) (Table 2). No patient
had recurrent hemoptysis during hospitalization. The most
common postoperative complications were prolonged air
leakage (9 of 28) and cardiac arrhythmia (6 of 28). AllTABLE 1. Operation types and sites
Lobectomy
Upper Middle Lower Up
Left 15 — 10
Right 19 1 8
The Journal of Thoracic and Capatients recovered after conservative therapy, such as intra-
pleural injection of human fibrinogen, antiarrhythmic drug
therapy, and so on. A second operation was performed in 3
patients (3.4%) as a result of postoperative hemorrhage, a
bronchopleural fistula, and persistent space.
The median follow-up was 72 months (range, 3-120
months) and none of the patients were lost to follow-up.
Our final follow-up findings revealed that only 2 (2.2%)
of the 89 patients had a recurrent episode of hemoptysis.
One patient had a recurrence within 1 year and was success-
fully treated medically. The other patient had recurrent
hemoptysis after 3 years and was treated successfully
with BAE. No patient died with relapse of massive
hemoptysis.
Risk factors for postoperative complications were evalu-
ated with univariate and multivariate analyses. Univariate
analysis demonstrated that antituberculous therapy before
surgery (P¼.0002), timing of surgery (P¼ .03), and resec-
tion extent (P ¼ .03) were statistically significant variables
for postoperative complications (Table 3). Multivariate
analysis identified that patients with antituberculous ther-
apy before surgery (odds ratio [OR], 0.12; 95% confidence
interval [CI], 0.04-0.38; P ¼ .0003) had a decreased risk of
developing postoperative complications and patients under-
going emergency surgery (OR, 3.9; 95% CI, 1.29-11.5;
P ¼ .0154) had an increased risk (Table 4).DISCUSSION
Surgery for PTB, traditionally an adjunct to medical ther-
apy, is becoming popular as a means of biological and
anatomic eradication during both the active form of the dis-
ease and its sequelae, for which the indications are well
defined.9-11 Single or small bouts of hemoptysis in PTB
are usually self-limiting and can be controlled with medical
therapy. Chronic nonlife-threatening hemoptysis due to
PTB, although an important clinical problem, is also gener-
ally managed with antituberculous drugs. On the other
hand, massive hemoptysis, although relatively infrequent,
can be life threatening because of either volume depletion
and circulatory collapse or, more often, aspiration and
consequent compromise of the airways. Treatment modal-
ities reported for massive hemoptysis have included conser-
vative medical therapy, endobronchial control measures,
endovascular intervention, and surgical treatment. Accord-
ing to the literature, the therapeutic effect of conservative
medical therapy was not satisfactory with mortality rangingPneumonectomyper þ middle Middle þ lower
— — 11
9 5 11
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TABLE 2. Operative complications
Morbidity Mortality
Total 28 2
Prolonged air leak (5 d) 9 —
Cardiac arrhythmia 6 —
Pulmonary infection 3 —
Respiratory failure 2 1
Bronchopleural fistula 2 —
Asthma 2 —
Persistent space 2 —
Pulmonary embolism 1 1
Intrathoracic bleeding 1 —
General Thoracic Surgery Zhang et al
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Sfrom 11.5% to 29.1%.5,6,12 The recurrence rate after BAE,
considered to be the most effective nonsurgical treatment
for massive hemoptysis because of immediate results,13-15TABLE 3. Results of univariate analyses for complications
Po
No
Age, y  SD 41.3  1
Gender, n
Male 44
Female 17
History of hemoptysis, n
No 33
Yes 28
Cumulative amount of bleeding on admission, mL  SD 559.8 
Antiphthisic therapy before surgery, n
No 8
Yes 53
Bronchial artery embolization, n
No 37
Yes 24
PaO2, mm Hg  SD 80.6  1
PaCO2, mm Hg  SD 38.0  4
Timing of surgery, n
Delayed 41
Emergency 20
Location, n
Left 22
Right 39
Resection extent, n
lobectomy 50
Pneumonectomy 11
Stapler closure of the bronchial stump, n
No 42
Yes 19
Muscle flap reinforcement of the bronchial stump, n
No 26
Yes 35
Operation time, min  SD 251.8 
Blood loss during surgery, mL  SD 815.6 
SD, Standard deviation.
654 The Journal of Thoracic and Cardiovascular Surgwas reported be 15.3% to 61%.2,14-17 The source of
bleeding in PTB is most commonly a ruptured bronchial
artery, an aneurysm, or bronchopulmonary anastomosis in
the wall of a tuberculous cavity. These lead to a relatively
high-pressure hemorrhage, which may not stop without sur-
gical intervention. In addition, the other major advantage of
surgery is that it provides a definitive curative treatment of
hemoptysis because it removes the source of bleeding.
Thus, surgical treatments provide superior results in the
management of massive hemoptysis. This is consistent
with the immediate and long-term results of the present
study: no recurrent in-hospital hemoptysis was observed;
during follow-up, a recurrent episode of hemoptysis arose
in only 2 patients; these 2 patients were both cured and no
patient died with relapse of massive hemoptysis.
However, it was previously believed that the operative
risks attributed to massive hemoptysis were high, withstoperative complications
t/c2/z PYes
1.0 41.3  13.3 2.4717 .1195
24 1.9640 .1611
4
12 0.9702 .3246
16
284.3 555.4  249.6 0.2083 .8350
14 14.0309 .0002
14
13 1.5779 .2091
15
1.7 78.1  13.9 0.8134 .4160
.6 37.2  4.0 0.8601 .3898
12 4.7262 .0297
16
14 1.5470 .2136
14
17 4.6582 .0309
11
14 2.9236 .0873
14
11 0.0880 .7667
17
55.7 257.1  62.9 0.2820 .7780
505.1 1010.7  502.1 1.8916 .0585
ery c August 2014
TABLE 4. Results of multivariate analyses for complications
P Odds ratio
95% confidence
interval for
odds ratio
Antiphthisic therapy
before surgery
.0003 0.1171 0.0362-0.3790
Timing of surgery .0154 3.8505 1.2931-11.4659
Resection extent .0677 2.8541 0.9266-8.7911
Zhang et al General Thoracic Surgery
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Smortality of 0% to 17.6%1,2,5-8 and a morbidity rate of
5.5% to 35.7%.1,2,8 Surgical mortality may be related to
ongoing bleeding in unstable hemodynamic conditions,
together with soiling of other healthy bronchopulmonary
segments before and during the operation. The absence of
tracheobronchial hemorrhage allows for safe operative
intervention, with better delineation of the pulmonary
disease and selection of the most economic pulmonary
resection. Surgery during bleeding crises may indeed
precipitate emergency pneumonectomy. It is also better to
operate once the bronchial tree has been cleared
effectively and the pulmonary parenchymal and
pulmonary vasculature reserve has recovered. In the
present study, the overall morbidity rate of 31.5% (28 of
89) was in agreement with the literature; however, most
were minor complications and required pharmacologic
intervention only or no therapy; the mortality rate of
2.2% (2 of 89) was on the low side. Therefore, the
morbidity and mortality were acceptable in the current
series. This may be attributed to a multidisciplinary
intervention performed on surgical candidates to stop
bleeding and clear the bronchial tree at our institute,
which mainly included endobronchial control measures
and endovascular intervention, as well as medical
treatment.
Bronchial arteriography and BAE were attempted in
nearly all patients with massive hemoptysis with hemody-
namic stabilization at our institution in recent years. The
former is used to identify the bleeding site and the latter
is a reliable method to eliminate this hypertrophic neovas-
cularization.4,18,19 However, the hemostatic effects of
BAE are not stable and relapses are possible if the
underlying disease responsible for promotion of
neovascularization is not removed.13,20 Thus, BAE is a
temporary treatment to stop acute bleeding so that the
patient can be prepared for delayed surgery if indicated.
In the present series, a significantly lower morbidity rate
was observed in patients receiving preoperative antituber-
culous therapy. Meanwhile, 14 of 22 patients (63.6%)
who did not receivemedical treatment for PTB had the post-
operative complications. Despite much progress in thoracic
surgery, not every patient with PTB can achieve full lung re-
expansion and sometimes a significant pleural space re-
mains after pulmonary resection. Particularly in patientsThe Journal of Thoracic and Cawho have not had medical treatment, the underlying pneu-
monitis caused by PTB may cause interstitial fibrosis or
damage to the remaining unresected lung parenchyma, so
that lung compliance is reduced and lung volume is irrevers-
ibly reduced. Failure of the stiff lung to reexpand and fill the
pleural cavity may result in residual air spaces, which may
in turn compromise respiration or become infected. This
may result in a high incidence of complications, such as
prolonged air leakage, pulmonary infection, bronchopleural
fistula, and so on. Thus, delayed surgery is preferred in pa-
tients with PTB, especially those who are not receiving anti-
tuberculous therapy. Sufficient time should be taken to fully
optimize these patients before surgery. Preferably, patients
should receive at least 2 to 3 months of antituberculous ther-
apy before surgery. Ideally, the patient should be culture
negative, at least transiently.
It was also observed that emergency surgery for massive
hemoptysis was associated with a significantly high
morbidity rate in the present study, which is in keeping
with other reports.6,7 The high risks in emergency surgery
were partly due to hemodynamic coagulopathy when the
patients had already experienced significant blood loss, as
well as the lack of readiness and ongoing hemorrhage
mentioned earlier. Another critical consideration is that in
many patients with acute hemoptysis, lung function tests
have not usually been performed and it may be
impossible to determine if the patient can tolerate major
lung resection. Therefore, it is better to stop acute
bleeding and prepare patients for delayed surgery for as
long as possible rather than undertake emergency surgery.
In contrast, Jougon and colleagues21 reported that surgery
must be performed immediately without any need for bron-
chial arteriography in case of bleeding from the pulmonary
vessels. Although some clues that may predict the pulmo-
nary artery vessels as the origin were put forward, it is still
extremely difficult to identify bronchial or pulmonary
bleeding without pulmonary angiography. In the light of
our results, we continue to favor bronchial arteriography
as the initial intervention, followed by BAE in the case of
abnormal arteriography. Emergency surgery should be
reserved for patients with normal bronchial arteriography
or who continue to have life-threatening hemoptysis despite
BAE. When the bleeding has stopped, surgery should be
considered on an elective basis for the definitive treatment
of anatomically localized lesions, because severe hemopty-
sis may recur in the short term and lead to death.
In the present study, the immediate and long-term out-
comes after surgery for massive hemoptysis due to PTB
were satisfactory. Although morbidity and mortality in
our patients were acceptable, the benefits should always
be weighed against the operative risks in all potential surgi-
cal candidates. Proper patient selection and the timing of the
operation are crucial to favorable outcomes. Sufficient time
should be taken to fully optimize these patients beforerdiovascular Surgery c Volume 148, Number 2 655
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Ssurgery if possible, using endobronchial control measures,
endovascular intervention, regular antituberculous therapy,
and so on; thus, delayed elective surgery is preferred. Emer-
gency surgery should be reserved for patients who continue
to have life-threatening hemoptysis despite a multidisci-
plinary intervention.References
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